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Abstract 
 
How does the presence of a categorically related word influence picture 
naming latencies?  In order to test competitive and non-competitive accounts of 
lexical selection in spoken word production, we employed the picture-word 
interference (PWI) paradigm to investigate how conceptual feature overlap influences 
naming latencies when distractors are category coordinates of the target picture. 
Mahon et al. (2007) reported that semantically close distractors (e.g., zebra) 
facilitated target picture naming latencies (e.g., HORSE) compared to far distractors 
(e.g., whale). We failed to replicate a facilitation effect for within-category close vs. 
far target-distractor pairings using near-identical materials based on feature 
production norms, instead obtaining reliably larger interference effects (Experiments 
1 & 2). The interference effect did not show a monotonic increase across multiple 
levels of within-category semantic distance, although there was evidence of a linear 
trend when unrelated distractors were included in analyses (Experiment 2). Our 
results show that semantic interference in PWI is greater for semantically close vs. far 
category coordinate relations, reflecting the extent of conceptual feature overlap 
between target and distractor. These findings are consistent with the assumptions of 
prominent competitive lexical selection models of speech production.  
 
Keywords: lexical access, competition, semantic interference, semantic distance, 
picture naming  
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Feature overlap slows lexical selection: Evidence from the picture-word interference 
paradigm 
 
 A core assumption of all contemporary models of speech production is that 
when we speak, we select words from a range of lexical candidates. Is the mechanism 
for selecting among these candidates a competitive process that continues until a 
target word is chosen, or is it instead more akin to a ‘horse race’ in which the first 
candidate to pass a pre-determined threshold ‘wins’? After 40 years of 
psycholinguistic research involving empirical studies and computational simulations 
of lexical access in speech production, this question continues to dominate the 
literature (e.g., Abdel Rahman & Melinger, 2009; Levelt, Roleofs, & Meyer, 1999; 
Mahon, Costa, Peterson, Vargas, & Caramazza, 2007; Oppenheim, Dell, & Schwartz, 
2010). 
 In the picture-word interference (PWI) paradigm, participants name target 
pictures while ignoring superimposed distractor words (Rosinski, Golinkoff, & 
Kukish, 1975). Slower naming latencies are reported typically when distractors (e.g., 
wolf) are category coordinates of the target picture (e.g., DOG) compared to unrelated 
words (e.g., lamp), an effect termed semantic interference (SI: La Heij & van den 
Hof, 1995; Levelt, et al., 1999; Levelt et al., 1991; Schriefers, Meyer, & Levelt, 
1990). The interference effect has been interpreted as evidence supporting a 
competitive lexical selection mechanism in some spoken word production models 
(Levelt, et al., 1999; Abdel Rahman & Melinger, 2009). However, non-competitive 
lexical selection mechanisms have also been proposed to explain the effect 
(Caramazza, 1997; Dell & O'Seaghdha, 1991; Mahon, Costa, Peterson, Vargas, & 
Caramazza, 2007). 
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 The lexical selection by competition (LSC) account assumes that the time 
taken to name a target picture is a function of the number of activated lexical 
candidates and their activation levels. For instance, if the target concept ‘HORSE’ is 
activated, related animal concepts such as pony, cow etc. also become activated, and 
this activation spreads to their lexical representations. According to the LSC account, 
the interference effect is due to the related distractor word increasing the lexical 
activation level of a competitor already activated by the target picture. By contrast, an 
unrelated distractor strengthens a lexical candidate that was not activated by the 
picture. The slower target naming latency for the related distractor condition thus 
reflects the additional time taken to resolve the competition between the highly 
activated non-target and target candidates.  
 Recent PWI experiments have shown that not all semantic relationships 
induce interference. Costa, Alario and Caramazza (2005) demonstrated semantic 
facilitation with distractor words that share a ‘has-a’ or ‘part-whole’ relationship with 
the target picture, e.g. bumper-CAR. In two PWI experiments with different stimuli 
that manipulated the semantic distance of within-category target-distractor relations, 
Mahon et al. (2007) showed facilitation of target naming latencies (e.g., HORSE) for 
semantically ‘close’ distractors (e.g., zebra) compared to semantically ‘far’ distractors 
(e.g., whale). The semantic distance manipulation employed by Mahon et al. (2007; 
Experiment 7) reflected the extent to which distractor words share conceptual features 
with target picture names, determined empirically via feature generation norms 
(McRae, Cree, Seidenberg, & McNorgan, 2005). Mahon et al. (2007) argue that part 
and semantically close distractors should have higher conceptual-lexical activation 
levels due to sharing features with the target and thus be stronger competitors. 
Therefore, they interpreted their results as evidence contrary to a LSC mechanism, 
Feature overlap in PWI     4 
and contrary to a lexical locus for interference effects. They proposed an alternative 
response exclusion (RE) account in which semantic relations induce conceptual 
priming, with interference instead reflecting whether distractors are potentially 
relevant responses that need to be cleared from an articulatory output buffer by a post-
lexical decision mechanism.  
 In order to reconcile the above reports of semantic facilitation effects with the 
operation of a competitive lexical selection mechanism, Abdel Rahman and Melinger 
(2009) proposed their swinging lexical network model. In this account, all distractors 
semantically related to the target induce both conceptual priming and lexical 
competition. According to this explanation, unless a cohort of lexical competitors is 
activated via converging activation of the conceptual features shared within a 
category, the net result is facilitation. When a cohort is activated, this one-to-many 
competition within the lexical network changes the net result to interference. As 
distractors that are parts of whole objects do not spread activation to other related 
concepts, they produce one-to-one rather than one-to-many competition, and the net 
result is facilitation. According to Abdel Rahman and Melinger (2009), semantic 
distance effects are attributable to stronger priming at the conceptual level coupled 
with activation of a narrower category cohort for semantically close target-distractor 
pairings (e.g., HORSE and zebra will activate only members of the equine category), 
contrasted with weaker priming and activation of a larger cohort of competitors for 
semantically far distractors (e.g., HORSE and whale will activate members of the 
broader category of animals). 
 Although both the RE and swinging lexical network (SLN) accounts provide 
explanations for why semantically far distractors might produce stronger interference 
effects, it is worth noting that at least one study has reported the opposite effect, i.e., 
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stronger interference for semantically close distractors. Vigliocco, Vinson, Lewis and 
Garrett (2004; Experiment 3) observed a linear trend of increasing interference over 
four levels of semantic distance (very close, close, medium, and far) with stimuli that 
were derived from feature norms. However, their ‘medium’ distance condition 
employed a mixture of categorically related and unrelated distractor target pairings 
(25%), while their ‘far’ condition always employed unrelated items. As Mahon et al. 
noted, the RE account could accommodate some of these findings by assuming the 
linear trend instead reflected the proportion of items within each distractor condition 
that were potentially relevant responses. Vigliocco et al. also employed different sets 
of distractors across conditions, whereas Mahon et al. re-paired targets and distractors 
to create their different distance conditions.  
 The two studies also differed in terms of item repetition, a factor known to 
reduce the magnitude of the interference effect in PWI experiments (e.g., Caramazza 
& Costa, 2001; La Heij & van den Hof, 1995). As Caramazza and Costa (2001) noted, 
repetition can “affect response strategies, response learning, the ability to ignore 
distractors for a given picture, and so on” (p. 218). Repetition might also have a 
moderating influence on semantic distance effects in PWI, such that close distractor-
target pairings are affected more as they share more features. Repetition priming in 
production is proposed to arise from changes in the strength of the connections 
between conceptual and lexical representations (e.g., Wheeldon & Monsell, 1992). In 
Mahon et al.’s (2007) Experiment 7, distractor-target pairings were each presented 
three times in four conditions (including filler trials, thus targets were named 12 
times) and the data were collapsed across presentations for analysis, potentially 
obscuring any moderating effects. Thus, it is difficult to draw strong inferences about 
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the semantic distance effects reported across Vigliocco et al.’s and Mahon et al.’s 
studies given the clear differences in procedures. 
 In this study, we report two PWI experiments investigating effects of shared 
distractor features in categorical relations. Experiment 1 was a direct replication of 
Mahon et al’s (2007) Experiment 7 using near-identical materials derived from 
feature production norms (McRae, et al., 2005), and included repetition as a factor in 
the analyses. Experiment 2 investigated the potential graded nature of semantic 
distance effects within-category over five levels, and employed a within-participant 
design (c.f., Vigliocco et al. 2004). The materials used were based on the same feature 
production norms per Experiment 1. Additionally, Experiment 2 included the same 
target-distractor pairings as Experiment 1, affording an opportunity for replication.  
 
Experiment 1 
Participants 
 Participants were 48 students enrolled in first-year psychology courses at the 
University of Queensland. All were native English speakers. Each participant gave 
informed consent in accordance with the protocol approved by the Behavioural and 
Social Sciences Ethical Review Committee of the University of Queensland and was 
compensated with course credit.  
 
Design 
 We used the same 3x3x3 mixed design as Mahon et al. (2007; Experiment 7): 
the independent variables were semantic distance (semantically close vs. far vs. 
unrelated), SOA (-160ms, 0ms, +160ms) and presentation (first, second or third 
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presentation). Semantic distance and presentation were varied within-participants, 
while SOA was varied between-participants. 
 
Materials 
 35 of the 36 pictures and 33 of the 36 distractor words from Mahon et al.’s 
(2007) Experiment 7 (see Appendix A) were adopted for this study. ‘Yam’ and 
‘shrimp’ were replaced with ‘radish’ and ‘prawn’ respectively as the original items 
are not familiar names to Australians. ‘Futon’ and ‘ARROW’ were replaced with 
‘sofa’ and ‘SPEAR’, respectively, as the original items are not in the McRae et al. 
(2005) norms. 36 distractor words were used twice; once as a semantically close 
distractor for one target picture, and once as a semantically far distractor for a 
different target. For example, for the picture ‘SKUNK’, the semantically close 
distractor was ‘raccoon’ and the far distractor ‘clam’. For ‘SNAIL’, ‘clam’ served as 
semantically close distractor and ‘raccoon’ as semantically far distractor. 18 unrelated 
distractor words were used twice so as to match the targets and distractors paired this 
way. In order to reduce the number of related trials to 50%, each target picture was 
paired with an additional unrelated distractor word that did not correspond to any item 
in the experiment. Following Mahon et al., the data from this filler condition were 
excluded from all analyses. Pictures were black-and-white line drawings, the majority 
of which were selected from normative picture databases (Bonin, Peereman, 
Malardier, Meot, & Chalard, 2003; Cycowicz, Friedman, & Rothstein, 1997; Szekely 
et al., 2004) with remaining items from the internet. Four randomisation lists were 
prepared using a Latin square design following Mahon et al. (2007). Within a single 
presentation there were 4 blocks of target distractor pairs, organised such that an 
equal number of stimuli were presented from each condition. A single presentation 
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thus contained 108 experimental trials, with 36 trials at each level of semantic 
distance (close and far), 36 unrelated trials, and an additional 36 filler trials (total = 
144 trials). 
 
Apparatus 
 Stimuli presentation, response recording and latency measurement (i.e., voice 
key) were accomplished via the Cogent 2000 toolbox extension 
(www.vislab.ucl.ac.uk/cogent_2000.php) for MATLAB (2010a, MathWorks, Inc) 
using a personal computer equipped with a noise-cancelling microphone (Logitech, 
Inc). The same apparatus was used in all subsequent experiments. 
 
Procedure 
 Participants underwent pre-experimental familiarisation with the target 
pictures by naming each three times in random order. The first presentation was 
accompanied by the target’s proper name printed below, with subsequent 
presentations only displaying the picture. Each experimental trial commenced with 
the participant pressing the space bar following the presentation of a question mark 
(?) at center-screen. Trials began by presenting a fixation cross center-screen for 
500ms, followed by a 50ms blank screen. The distractor word appeared at ±160 or 
0ms SOA relative to target presentation. Distractor words appeared randomly either 
above or below targets and counterbalanced across trials/conditions. Stimuli remained 
onscreen for 3000ms or until the participant made a verbal response. A question mark 
presented centrally then indicated that the participant could proceed to the next trial 
via space bar press.  
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Results and Discussion 
 The following trials were discarded from the naming latency analyses: (a) 
speech errors (2.1%), (b) omissions/failures to trigger the voice key (.1%), (c) non-
speech noises (tuts, clicks, coughs etc.) that triggered the voice key (.1%), and (d) 
latencies below 250 ms or above 2000 ms (1.04%). Latencies deviating more than 2.5 
standard deviations from within-participant, within-condition means were also 
excluded from analysis (.11%). Errors were classified according to whether the 
participant hesitated during naming (i.e., dysfluencies) or misidentified the target. 
Due to their low frequency errors were not subjected to further analysis. Mean 
naming latencies and 95% confidence intervals (CIs; see Cumming, 2008), in addition 
to error rates are reported in Table 1. 
 
-----Insert Table 1 about here----- 
 
 Data were subjected to repeated measures analyses of variance (ANOVA) by 
participants and by items. There was a significant effect of semantic distance by 
participants F1(2, 90) = 6.17, MSE = 1213.39, p = .003, partial η2 = .12 and by items 
F2(2, 210) = 8.15, MSE = 2466.22, p < .001, partial η2 = .02, with naming latencies 
slower with semantically close distractors compared to semantically far or unrelated 
distractors. There was also a significant main effect of SOA by participants F1(2, 45) 
= 13.37, MSE = 94748.51, p < .001, partial η2 = .37 and by items F2 (2, 105) = 
210.57, MSE = 13270.12, p < .001, partial η2 = .8, with naming latencies slower from 
-160, to 0 to +160ms SOAs. The effect of presentation was not significant by 
participants F1 (2, 90) = 1.50, MSE = 2217.53, p = .23, although was significant by 
items F2 (2, 210) = 6.64, MSE = 1863.46, p = .002 partial η2 = .06, with naming 
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latencies slower at initial presentations. There was a significant interaction between 
semantic distance and SOA by participants F1 (4, 90) = 2.50, MSE = 1213.39, p = 
.048, partial η2 = .08 and by items F2 (4, 210) = 2.46, MSE = 2466.22, p = .046, 
partial η2 = .04, with naming latencies slower in the semantically close condition 
within each SOA. The interaction between presentation and SOA was not significant 
by participants F1 (4, 90) = 1.78, MSE = 2217.53, p = .14, although was significant 
by items F2 (4, 210) = 4.24, MSE = 1863.46 p = .003, partial η2 = .02, with naming 
latencies slower at initial presentations, within each SOA. The interaction between 
semantic distance and presentation was not significant by participants F1 (8, 180) = 
.76, MSE = 645.37, p = .68 or by items F2 (4, 420) = 1.56, MSE = 1837.51, p = .19.  
 Repeated-measures ANOVAs were next performed within each SOA. At -
160ms SOA, Mauchly’s test indicated that the semantic distance variable violated the 
assumption of sphericity by participants (χ2 = 10.38, p < .05, ε = .66), therefore the 
degrees of freedom were corrected using Greenhouse–Geisser estimates. There was a 
significant main effect of semantic distance by participants F1 (1.31, 19.69) = 7.12, 
MSE = 1634.33, p = .01, partial η2 = .32 and by items F2 (2, 70) = 9.83, MSE = 
2311.65, p = .001, partial η2 = .19, with naming latencies slower with semantically 
close distractors compared to semantically far or unrelated distractors. The effect of 
presentation was not significant by participants F1 (2, 30) = 1.94, MSE = 1294.36 p = 
.16 although was significant by items F2 (2, 70) = 9.83, MSE =1136.91 p = .001, 
partial η2 = .19, with naming latencies slower at initial presentations. Follow up 
comparisons showed that semantically close distractor-target pairings were named 
more slowly compared to semantically far pairings by participants t(15) = 2.53, p < 
.05, Mdiff = 19 ms, 95%  CI = ±16, and by items t(35) = 3.30, p < .05, Mdiff = 19 ms, 
95% CI = ±12. Semantically close pairings were also named slower than unrelated 
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pairings by participants t(15) = 2.97, p < .05, Mdiff = 24 ms, 95% CI = ±17, and by 
items t(35) = 3.97, p < .001, Mdiff = 24 ms, 95% CI = ±12, although the naming 
latencies for the semantically far pairings did not differ significantly from the 
unrelated condition by participants t(15) = 1.30, p = .21, Mdiff = 5 ms, 95% CI = ±8 or 
by items t(35) = .71, p = .49, Mdiff = 5 ms, 95% CI = ±14. Further follow-up 
comparisons by items indicated that naming latencies decreased significantly from the 
first to second presentation t(35) = 3.12, p < .05, Mdiff = 14 ms, 95% CI = ±9. Naming 
latencies were also significantly faster on the third presentation compared to the first 
by items t(35) = 4.10, p < .001, Mdiff = 17 ms, 95% CI = ±8. There was no significant 
difference in naming latencies between second and third presentations by items t(35) 
= .60, p = .55, Mdiff = 3 ms, 95% CI = ±10. 
 At 0ms SOA, Mauchly’s test indicated that the semantic distance variable 
tended toward violating the assumption of sphericity by participants (χ2= 5.47, p = 
.07, ε = .76), therefore the degrees of freedom were corrected using Greenhouse–
Geisser estimates. There was a marginally significant effect of semantic distance by 
participants F1 (1.51, 22.67) = 3.07, MSE = 2465.66, p = .08, partial η2 = .17, and a 
significant effect by items F2 (2, 70) = 4.03, MSE = 3292.92, p = .02, partial η2 = .10, 
with naming latencies slower with semantically close distractors compared to 
semantically far or unrelated distractors. There was no significant effect of 
presentation by participants F1 (2, 30) = 2.92, MSE = 2135.60, p = .07, partial η2 = 
.16. However, this effect was significant by items F1 (2, 70) = 7.39, MSE = 2091.33, 
p = .001, with naming latencies slower at initial presentations. Follow up comparisons 
indicated that semantically close distractor-target pairings did not significantly differ 
in naming latencies from semantically far pairings by items t(35) = 1.8, p = .08, Mdiff 
=14 ms, 95% CI = ±16, although were named significantly slower than unrelated 
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pairings, t(35) = 2.65, p = .01, Mdiff = 22 ms, 95% CI = ±17. Semantically far pairings 
did not significantly differ from unrelated pairings t(35) = 1.03, p = .32, Mdiff = 7 ms, 
95% CI = ±14. Naming latencies were slower on first presentation than subsequent 
presentations, t(35) = 2.66, p = .01, Mdiff = 18 ms, 95% CI = ±14, t(35) = 3.96, p < 
.001, Mdiff = 23 ms, 95% CI = ±12, respectively. Naming latencies on the second 
presentation did not differ significantly from the third presentation  t(35) = .78, p = 
.44, Mdiff = 5 ms, 95% CI = ±13.  
 At +160ms SOA, there was no significant effect of semantic distance by 
participants F1 (2, 30) = .29, MSE = 704.55, p = .75 or by items F2 (2, 70) = .91, 
MSE = 1949.84, p = .41, nor was there a significant effect of presentation by 
participants F1 (2, 30) = .90, MSE = 3436.46, p = .42 or by items F1 (2, 70) = .1.55, 
MSE = 2395.00, p = .22.  
 The results of Experiment 1 demonstrate that naming latencies are on average 
slower for semantically close than semantically far distractors. This finding is the 
opposite polarity to that reported by Mahon et al. (2007; Experiment 7) despite our 
employing an identical sample size, near-identical materials and identical procedure, 
yet consistent with the direction of the effect reported by Vigliocco et al. (2004; 
Experiment 3). Thus, our failure to replicate the semantic facilitation effect reported 
by the former authors is not a null result, as we instead observed a significant 
interference effect with a medium effect size (cf. Mahon et al, 2007). Consistent with 
previous work (e.g., Damian & Martin, 1999; Starreveld & La Heij, 1996), this 
interference effect was greatest at -160ms followed by 0ms SOAs. Note that the CIs 
provided in Table 1 give some useful information to predict a replication mean 
(Cumming, 2008).  
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 Although repetition has been reported to reduce or eliminate the interference 
effect (e.g., Caramazza & Costa, 2001; La Heij & van den Hof, 1995), the two factors 
did not interact in the present experiment. However, there was some evidence of an 
overall decrease in naming latencies from the first to subsequent presentations, 
significant only in the by-items analyses. Given the failure to replicate the results 
reported by Mahon et al. (2007; Experiment 7), we embedded the same stimuli in the 
materials for Experiment 2 (see below) to afford additional opportunities for 
replication, while investigating the potential graded nature of interference over 
multiple levels of semantic distance determined according to feature production 
norms (e.g., Vigliocco et al., 2004; Experiment 3).  
 
Experiment 2 
 
 Experiment 2 investigated graded semantic distance effects in a similar 
manner to Vigliocco et al. (2004; Experiment 3). However, unlike Vigliocco et al., we 
employed a parametric, within-category manipulation of semantic distance with 
materials derived from the feature generation norms of McRae et al. (2005), and 
included the materials used in Experiment 1 by Mahon et al. (2007; Experiment 7). A 
single SOA of -160 ms was employed, to maintain comparability with Mahon et al. 
and Vigliocco et al. who employed -160 and -150 ms, respectively. Thus, if the 
parametric semantic distance manipulation shows a monotonic modulation of naming 
latencies, this cannot be attributed to mixing categorically related and unrelated 
distractor-target pairings at different levels of distance, nor to the use of different 
distractor words (cf. Vigliocco et al., 2004). By including the materials from 
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Experiment 1, we aim to determine whether our initial failure to replicate Mahon et 
al.’s (2007) Experiment 7 result is reliable.  
 
Participants 
 Sixty-four students from the University of Queensland participated in this 
study as part of their undergraduate course criteria. All were right-handed and were 
native English speakers. Each participant gave informed consent in accordance with 
the protocol approved by the Behavioural and Social Sciences Ethical Review 
Committee of the University of Queensland and was compensated with course credit. 
 
Design 
 Experiment 2 was a 6-level repeated measures design. The independent 
variable was semantic distance, operationalised by the number of shared features 
between the target and a given distractor as determined from the feature norms of 
McRae et al. (2005). Thus a distractor could be designated as semantically very close, 
close, middle, far, very far and unrelated.  
 
Materials 
 The same 36 pictures and 90 related and unrelated distractor words from 
Experiment 1 were employed. An additional 108 categorically related distractor 
words were selected from the McRae et al. (2005) database based on the total number 
of features shared with each target picture. In each set, a picture was paired with 6 
distractor words ranging in semantic distance from very close, close, middle, far, very 
far and unrelated. An attempt was made to pair each word with two different target 
pictures at opposite levels of semantic distance, although in some instances this was 
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not possible and another level of distance was selected to maintain the distance 
manipulation. 
Target-distractor pairings from Mahon et al. (2007) were matched as closely 
as possible according to their original designations (semantically close, semantically 
far and unrelated). A small number of these pairings were assigned to a more 
appropriate level in order to achieve the five-level graded semantic distance 
manipulation (see Appendix B). The mean number of shared features across within-
category semantically very close, close, middle, far and very far levels were 6.8, 5.0, 
3.39, 2.31 and 1.36, respectively; F(4,175) = 65.95, p <.001. All semantic conditions 
were well matched on a range of variables, including letter length F(5, 181) = .41, p = 
.84, Subtlexus corpus (Brysbaert & New, 2009) frequency F(5, 181) = .52, p = .76, 
Orthographic Levenshtein Distance F(5, 181) = .70, p = .63, Phonological 
Levenshtein Distance F(5, 181) = .80, p = .55, number of phonemes F(5, 181) = .56, p 
= .73, number of syllables F(5, 181) = .56, p = .73 and number of morphemes F(5, 
181) = 1.43, p = .22 (see Table 2).  
 
 
-----Insert Table 2 about here----- 
 
 
Five randomization lists were prepared. Distractor words from each category 
were divided into five sequential blocks. Target pictures were also divided into five 
sets, so that an equal number of target-distractor pairs from each semantic category 
would appear in each block and each target picture would appear once in each block. 
The sequences of categories within the list and across the different lists were 
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randomized using a Latin square design. Within each block, items from experimental 
conditions (very close, close, middle, far and very far) were alternated with filler or 
unrelated conditions (i.e., the latter conditions were not included in the Latin square). 
Items in a block within each list were presented to participants in a pseudorandom 
order with the restriction that no adjacent pictures were identical. Each distractor 
word was used twice (with the exception of fox that was paired four times with 
different pictures due to a clerical error; as the results reported below did not differ 
when this item was removed from analyses, it was retained) and distractor words 
never appeared as targets, and vice versa. In order to reduce the number of related 
trials in the experiment to approximately 50 percent, 4 unrelated filler words (concrete 
nouns) were also selected to pair with each target picture, resulting in 144 filler trials 
per list. The data from this filler condition were excluded from all analyses following 
Mahon et al. (2007) and Vigliocco et al. (2004).  
 
Procedure 
 Following Vigliocco et al. (2004; Experiment 3), there were three phases in 
the procedure: familiarization, practice and experimental. In the familiarization phase, 
participants were asked to name the pictures aloud in order to ensure that each picture 
had high name agreement. In the practice phase, participants practiced naming all the 
pictures in the experimental conditions, embedded in a PWI paradigm, once in 
random order. Distractor words used in this phase were not from the experiment, and 
were all unrelated to the target picture. The experimental trial presentation was 
identical to the -160ms SOA condition of Experiment 1. 
 
Results and Discussion 
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 Datasets from ten participants were excluded due to >15% of experimental 
(i.e., non-filler) trials comprising omissions, non-speech sounds triggering the voice 
key, due to incorrect microphone settings. Results reported below are therefore from a 
final sample of 54 participants. Trials involving speech errors (1.3%), and trials on 
which the voice key failed to detect a response were excluded (.1%), as were latencies 
below 250 ms or above 2000 ms. Latencies deviating more than 2.5 standard 
deviations from within-participant, within-condition means were excluded from 
analysis (7.04%). Errors were classified identically to Experiment 1. Due to the low 
frequency of errors, they were not subjected to analysis. Mean naming latencies and 
95% CIs are reported in Table 3, in addition to error rates. 
 
-----Insert Table 3 about here----- 
 
 Data were subjected to repeated-measures ANOVAs by participants and by 
items. By participants, Mauchly’s test indicated that the semantic distance variable 
violated the assumption of sphericity (χ2= = 37.24, p < .05, ε = .77), therefore the 
degrees of freedom were corrected using Greenhouse–Geisser estimates. There was a 
significant main effect of semantic distance by participants F1(3.87, 212.9) = 6.90, 
MSE = 787.62, p < .001. η2 = .12, and by items F2(3.97, 138.87) = 5.09, MSE = 
627.07, p < .001. η2 = .13, with naming latencies slowest in the semantically very 
close condition. There was also a significant linear trend by participants F1(1, 55) = 
17.02, MSE = 1138.99, p < .001, η2 = .24 and by items F2 (1, 35) = 21.3, MSE = 
580.62, p < .001, η2 = .38, such that naming latencies decreased linearly from 
semantically very close to unrelated conditions. The direction of this result is 
consistent with that reported by Vigliocco et al (2004), as their far condition 
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comprised unrelated distractors. However, the linear trend could be due to the within-
category distance conditions differing with the unrelated distractors. Thus, we re-ran 
the analyses excluding the unrelated condition, to determine if the linear trend 
remained significant. There was a significant linear trend over the within-category 
distance conditions by participants F1 (1, 55) = 7.30, MSE = 956.07, p = .03, η2 = .12, 
and by items F2 (1, 35) = 5.97, MSE = 745.23, p < .003, η2 = .15. Inspection of the 
means in Table 3 suggests this trend is largely due to mean naming latencies differing 
between the very close compared to far conditions, with similar mean naming 
latencies across the intervening levels of semantic distance. Therefore, we ran a final 
analysis excluding the data from the very close and unrelated conditions. In this 
analysis, there was no evidence of a significant linear trend by participants F1 (1, 55) 
= .02, MSE = 574.46, p = .90, or by items F2 (1, 35) = 0.20, MSE = 689.36, p = .89, 
confirming that the trend observed for the within-category distance conditions was 
largely due to the differences in latencies between very close and far conditions. 
 The subset of target-distractor pairings from Experiment 1 corresponding to 
those used in Experiment 7 of Mahon et al  (2007; see Appendix A) were next 
subjected to separate repeated-measures ANOVAs. Mean naming latencies are shown 
in Table 4. There was a significant main effect of semantic distance by participants 
F1(2, 110) = 21.08, MSE = 730.83, p < .001, partial η2 = .28 and by items F2(2, 66) = 
18.86, MSE = 488.26, p < .001, partial η2 = .36, with naming latencies slower with 
semantically close distractors. Follow up analyses demonstrated significantly slower 
naming latencies for close compared to far distractor-target pairings by participants 
t1(63) = 3.08, p = .003, Mdiff = 16 ms, 95% CI = ±10 and by items t2(35) = 1.68, p = 
.01, Mdiff = 15 ms, 95% CI = ±11. Naming latencies for close pairings were 
significantly slower than unrelated pairings by participants t1(55) = 5.64, p < .001, 
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Mdiff = 33 ms, 95% CI = ±12 and by items t2(34) =5.88, p < .001, Mdiff = 32 ms, 95% 
CI = ±11. Semantically far pairings were named significantly slower than unrelated 
pairings by participants t1(55) = 4.21, p < .001, Mdiff = 17 ms, 95% CI = ±8 and by 
items t2(34) = 3.88 p < .001, Mdiff = 17 ms, 95% CI = ±9. 
 
-----Insert Table 4 about here----- 
 
 The results of Experiment 2 support the finding by Vigliocco (2004) of a 
linear trend as evidenced by increasing naming latencies accompanying a graded 
manipulation of semantic distance when unrelated distractors are included in analyses. 
There was also evidence of a similar trend when the data were limited to the within-
category semantic distance conditions, although this was primarily due to differences 
in latencies between the very close and far conditions. In addition, we replicated the 
results from Experiment 1 using the Mahon et al. (2007; Experiment 7) stimuli: 
semantically close distractors produced greater interference compared to far and 
unrelated distractors, not facilitation.  
   
 
General Discussion  
 
 The finding that picture naming is facilitated as categorically related distractor 
words become semantically closer to the target concept in PWI has been integral to 
the development of novel accounts of the mechanisms involved in spoken word 
production (e.g., Abdel Rahman & Melinger, 2009; Mahon et al., 2007). In two 
experiments, we tested whether the interference effect was sensitive to graded 
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manipulations of within-category semantic distance based on feature production 
norms. In addition, we aimed to determine whether these facilitation effects might 
reflect a moderating influence of item repetition on semantic distance (Experiment 1). 
Overall, our findings do not provide empirical support for the proposal that as 
distractor words become semantically closer to the target concepts - all else being 
equal - target naming is facilitated in PWI.  
 We obtained greater interference for within-category semantically close 
distractors compared to semantically far distractors using materials derived from 
feature-production norms (McRae et al., 2005). The first interpretation suggested by 
these findings is that facilitation for within-category semantically close distractors 
might not be a reproducible phenomenon; although it is possible the discrepancy 
could be attributable to minor procedural differences (e.g., the pictures and 
experimental lists used). The second interpretation, based primarily on the 
reproducible results from our experiments, is that the magnitude of the interference 
effect is a function of the number of overlapping conceptual features between 
categorically related distractors and target pictures. This latter interpretation is 
consistent with the assumption of competitive lexical selection implemented in 
prominent speech production models (Levelt, et al., 1999; Roelofs, 1992; Starreveld 
& La Heij, 1995, 1996). 
 Our finding that target picture naming is slowed as distractor words become 
semantically closer to the target concepts - all else being equal - is not consistent with 
the assumptions of existing non-competitive models of lexical selection (e.g., 
Caramazza, 1997; Dell & O’Seaghdha, 1991; Mahon et al., 2007) and is likewise 
difficult to reconcile with Abdel Rahman and Melinger’s (2009) proposed swinging 
lexical network modification to the competitive selection account. In non-competitive 
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selection accounts, the ease with which a target lexical node is selected depends 
solely on its own level of activation, irrespective of the activation of non-target lexical 
nodes. Thus, these accounts predict semantic priming as feature overlap increases 
between distractor and target concepts. The swinging lexical network account 
similarly proposes that semantic priming will outweigh competition for semantically 
close distractor-target pairings in PWI as they elicit a smaller lexical cohort. Recently, 
the cohort activation proposal has also been challenged by Bormann (2011) who 
found no difference in the magnitude of the interference effect when distractor-target 
pairings were selected from large and small semantic categories, respectively.  
 Other findings supporting Mahon et al.’s (2007) post-lexical response 
exclusion account of PWI have likewise not been reproduced consistently. For 
example, Janssen, Schirm, Mahon, and Caramazza (2008) reported a semantic 
interference effect in delayed naming using a novel task-switching version of the PWI 
paradigm. Subsequent attempts to demonstrate similar interference were unsuccessful 
(Galak, 2012; Madebach, Oppermann, Hantsch, Curda, & Jescheniak, 2011; Piai, 
Roelofs, & Schriefers, 2011). Finkbeiner and Caramazza (2006) reported the 
interference effect reversed polarity to facilitation when semantically related 
distractors were masked in PWI, a finding reproduced by Dhooge and Hartsuiker 
(2010). However, other attempts to reproduce the polarity reversal with masked 
distractors were less successful (Piai, Roelofs, & Schriefers, 2012, Spalek & Damian, 
2013). 
 It is worth noting that Mahon et al.’s (2007) response exclusion account of 
PWI could be modified to explain the current findings of greater interference for 
semantically close distractors if it is assumed that (1) response-level representations 
index their corresponding conceptual representations and (2) that the criteria for 
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response relevance reflect both the goal of the intended utterance and the relationship 
of conceptual input to that goal. According to this revised account, the post-lexical 
decision mechanism would take longer to exclude the more relevant distractor. In 
fact, Navarrete and Mahon (2013; see also Mädebach & Hantsch, 2013) appear to 
have already proposed such a revised account. However, as Mädebach and Hantsch 
(2013) noted, adopting this modification would first involve abandoning Mahon et 
al.’s (2007) proposal that conceptual feature overlap does not constitute a response-
relevant criterion. One way of implementing this modification would be to adopt 
Dhooge and Hartsuiker’s (2010) proposal that the operation of the decision 
mechanism is subserved by the verbal self-monitoring system. Monitoring for feature 
overlap/conceptual relevance within-category could then be construed as a function of 
the conceptual loop proposed by Levelt (1989). 
 Although semantically-close distractor-target pairings that shared a 
considerable number of features showed greater interference than semantically far 
pairings that shared fewer features, we were unable to obtain reliable evidence of a 
graded effect of semantic distance within-category over five and four levels 
(Experiment 2), although there was some evidence for a linear trend in naming 
latencies when unrelated pairings were included in analyses. This latter finding may 
be viewed as consistent with the results reported by Vigliocco et al. (2004; 
Experiment 3), whose medium and far distance conditions involved 75% and 100% of 
distractor-target pairings from different semantic categories, respectively. The 
likelihood of obtaining graded effects within-category over multiple levels of 
semantic distance is restricted by the range of features shared by exemplars of 
different categories, and the relative importance of each feature in contributing to 
target concept identification (i.e., distinguishing features). Associative and other 
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relations between exemplars are also likely to complicate observed effects (e.g., La 
Heij et al., 1990). Thus, within-category semantic distance effects might only be 
observable in PWI experiments when the number of shared features differs 
considerably between levels, and this will necessarily limit the number of levels able 
to be employed. 
 Finally, previous work has demonstrated that repetition reduces the semantic 
interference effect in PWI experiments (e.g., La Heij & van den Hof, 1995). However, 
this was not the case in Experiment 1, in which naming latencies were faster on 
subsequent presentations irrespective of distractor condition. A possible explanation 
for this discrepancy is that previous work involved a smaller number of target pictures 
(< 20) and many repetitions (> 3). Experiment 1 entailed a relatively large set of 
pictures (36) (for further discussion on potential interactions between response set 
size and repetition in PWI, see Caramazza & Costa, 2000, 2001; Roelofs, 2001).  
 In summary, our findings do not provide empirical support for the proposal 
that as distractor words become semantically closer to the target concepts - all else 
being equal - target naming is facilitated in PWI (cf. Mahon et al., 2007). Thus, this 
proposal might not reflect a reproducible phenomenon with respect to the PWI 
paradigm. Instead, our findings indicate that the interference effect increases when the 
number of conceptual features shared between categorically related distractors and 
target pictures is incremented considerably. This finding is consistent with the 
assumptions of prominent lexical selection by competition accounts of the semantic 
interference effect in the PWI paradigm (e.g., Levelt et al., 1999; Roelofs, 1992; 
Starreveld & La Heij, 1995, 1996).    
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Appendix A. 
  
Materials for Experiment 1 adapted from Mahon et al. (2007; Experiment 7).  
 Distractors	  
Target Picture	   Close 	   Far 	   Unrelated 	  
ANT	   beetle	   crab	   bolt	  
ASPARAGUS	   celery	   garlic	   kettle	  
BED	   sofa*	   stool	   tractor	  
BICYCLE	   scooter	   airplane	   pliers	  
BOMB	   grenade	   harpoon	   cello	  
BOTTLE	   jar	   saucer	   corn	  
CANOE	   raft	   van	   ladle	  
CAR	   van	   raft	   ladle	  
CARROT	   radish*	   spinach	   beaver	  
CHAIR	   stool	   sofa*	   tractor	  
COW	   goat	   seal	   pearl	  
DEER	   moose	   prawn*	   shack	  
DRESS	   skirt	   glove	   fence	  
DUCK	   goose	   tiger	   vine	  
GUITAR	   banjo	   trumpet	   blender	  
HELICOPTER	   airplane	   scooter	   pliers	  
HORSE	   buffalo	   frog	   kite	  
LETTUCE	   spinach	   radish*	   beaver	  
LION	   tiger	   goose	   vine	  
LOBSTER	   crab	   beetle	   bolt	  
MITTEN	   glove	   skirt	   fence	  
OCTOPUS	   prawn*	   moose	   shack	  
ONION	   garlic	   celery	   kettle	  
PLATE	   saucer	   jar	   corn	  
RABBIT	   hamster	   alligator	   baton	  
SANDAL	   book	   jacket	   mirror	  
SAXOPHONE	   trumpet	   banjo	   blender	  
SCREWDRIVER	   wrench	   hoe	   giraffe	  
SHOVEL	   hoe	   wrench	   giraffe	  
SKUNK	   raccoon	   clam	   faucet	  
SNAIL	   clam	   raccoon	   faucet	  
SNAKE	   alligator	   hamster	   baton	  
SPEAR*	   harpoon	   grenade	   cello	  
TURTLE	   frog	   buffalo	   kite	  
VEST	   jacket	   book	   mirror	  
WHALE	   seal	   goat	   pearl	  
Item substitutions are marked with an asterisk. 
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Appendix B 
Materials for Experiment 2 
 Distractors	  
Target Picture	   Very Close	   Close	   Middle	   Far	   Very Far	   Unrelated	  
       
ANT	   spider	   beetle	   crab	   sparrow	   otter	   bolt	  
ASPARAGUS	   celery	   cauliflower	   tomato	   eggplant	   garlic	   kettle	  
BED	   sofa	   dresser	   lamp	   desk	   stool	   tractor	  
BIKE	   scooter	   train	   truck	   airplane	   submarine	   pliers	  
BOMB	   missile	   grenade	   cannon	   knife	   harpoon	   cello	  
BOTTLE	   jar	   cup	   bowl	   saucer	   skillet	   corn	  
CANOE	   raft	   yacht	   ship	   bus	   van	   ladle	  
CAR	   van	   bus	   yacht	   ship	   raft	   ladle	  
CARROT	   radish	   potato	   spinach	   beans	   avocado	   beaver	  
CHAIR	   sofa	   stool	   desk	   dresser	   lamp	   tractor	  
COW	   goat	   pig	   donkey	   otter	   seal	   pearl	  
DEER	   moose	   fox	   camel	   prawn	   squid	   shack	  
DRESS	   skirt	   shirt	   coat	   pants	   gloves	   fence	  
DUCK	   goose	   penguin	   platypus	   leopard	   tiger	   vine	  
GUITAR	   banjo	   piano	   clarinet	   drum	   trumpet	   blender	  
HELICOPTER	   airplane	   train	   submarine	   scooter	   truck	   pliers	  
HORSE	   pony	   zebra	   buffalo	   frog	   dolphin	   kite	  
LETTUCE	   spinach	   radish	   beans	   potato	   avocado	   beaver	  
LION	   tiger	   leopard	   platypus	   penguin	   goose	   vine	  
LOBSTER	   crab	   otter	   beetle	   spider	   sparrow	   bolt	  
MITTENS	   gloves	   coat	   pants	   shirt	   skirt	   fence	  
OCTOPUS	   squid	   prawn	   moose	   camel	   fox	   shack	  
ONIONS	   garlic	   tomato	   celery	   cauliflower	   eggplant	   kettle	  
PLATE	   cup	   saucer	   bowl	   jar	   skillet	   corn	  
RABBIT	   hamster	   dog	   iguana	   alligator	   toad	   baton	  
SANDALS	   boots	   camisole	   jacket	   pajamas	   jeans	   mirror	  
SAXOPHONE	   trumpet	   clarinet	   drum	   banjo	   piano	   blender	  
SCREWDRIVER	   wrench	   hammer	   hoe	   rake	   clamp	   giraffe	  
SHOVEL	   hoe	   rake	   hammer	   wrench	   clamp	   giraffe	  
SKUNK	   raccoon	   fox	   tortoise	   grasshopper	   clam	   faucet	  
SNAIL	   grasshopper	   clam	   tortoise	   fox	   raccoon	   faucet	  
SNAKE	   alligator	   iguana	   toad	   hamster	   dog	   baton	  
SPEAR	   harpoon	   knife	   missile	   grenade	   cannon	   cello	  
TURTLE	   frog	   dolphin	   pony	   buffalo	   zebra	   kite	  
VEST	   jacket	   jeans	   camisole	   pajamas	   boots	   mirror	  
WHALE	   seal	   otter	   pig	   goat	   donkey	   pearl	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